



Recent work has revealed a double segmental
periodicity of gene expression in the centipede, a
potential molecular explanation for the observation
that this arthropod always has an odd number of
trunk segments. Is this an oddity of centipedes, or
might it mean that double segmental pair-rule
patterning dates back to the Ur-arthropod? 
One of the remarkable findings from the Drosophila
mutagenesis screen reported by Nüsslein-Volhard and
Wieschaus [1] in 1980 was mutant larvae that lack every
other segment. These ‘pair-rule’ mutants are defined by
deletions of the cuticle occurring with a two-segment
periodicity, showing that the Drosophila embryo is built
from double segmental units. Characterisation of the
genes defective in pair-rule mutants showed that they
are expressed in double segmental stripes in the early
Drosophila embryo, consistent with their loss-of-func-
tion phenotype. Pair-rule genes represent a key stage in
the Drosophila segmentation gene hierarchy, as they are
the first genes that are activated in a periodic pattern.
They integrate the positional information provided by
maternal effect genes and zygotic ‘gap’ genes — muta-
tions of which delete a block of contiguous segments —
and establish the framework for the segmental expres-
sion of the downstream ‘segment-polarity’ genes [2]. It
is still unclear, however, why Drosophila segmentation
includes a phase of double segmental periodicity. 
The new work reported by Chipman et al. [3] in this
issue of Current Biology provides profound molecular
evidence for double segmental periodicity in a
representative of another arthropod group, the
geophilomorph centipede Strigamia maritime.
Centipedes belong to the myriapods and are only
distantly related to insects in today’s phylogenies
(Figure 1) [4]. This double segmental periodicity is
correlated with a remarkable feature of centipedes: they
always have an odd number of trunk segments.
Chipman et al. [3] show that the centipede homologues
of two Drosophila segmentation genes, odd-skipped
and caudal, are unmistakably expressed in a double-
segmental periodicity in posterior tissue that does not
show any sign of overt segmentation yet. The double
segmental periodicity is obvious as an initial pattern of
more widely distributed stripes of caudal expression is
converted into a clear single segmental pattern by the
intercalation of stripes into the initial pattern. The odd-
skipped stripes are in the same register as the initial
caudal stripes, implying that odd-skipped expression is
in a double segmental periodicity too. These data imply
that segment patterning in this centipede involves a
mechanism that defines entities which eventually give
rise to two segments each (Figure 2). 
This finding provides a molecular basis for a remark-
able morphological characteristic of geophilomorph
centipedes: they always have an odd number of trunk
segments. The number of trunk segments varies among
centipede species, ranging from 15 to 191 segments
[5], and even may vary within populations of a species
[6,7] — but the number is always odd. Why are there no
centipedes with an even number of trunk segments?
Two possible explanations come to mind: it could
reflect a developmental constraint, or it could be the
result of natural selection that has prevented evolution
of a non-adapted trait [8].
Natural selection supposes that adaptiveness
determines what perseveres. It assumes that phenotypic
variation may potentially occur in many directions — in
the centipede case, that both even and uneven numbers
of trunk segments are possible — but adaptiveness and
selection determines what persists. This hypothesis
would assume that centipedes with an uneven number
of trunk segments have some advantage over those with
an even number of trunk segments. There is, however,
no obvious reason why having an even number of trunk
segments would provide a selective disadvantage for
centipedes. Intuitively, it is therefore unlikely that the
always-odd number of trunk segment in centipedes is a
result of natural selection [8].
A developmental constraint would seem a more likely
explanation, and the data of Chipman et al. [3] provide
evidence for this. The concept of developmental 
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Figure 1. Relationships of the major arthropod groups. 
Insects and crustaceans are considered to be sister groups [4].
The position of the myriapods is ambiguous: they are either a
sister group to the insect/crustacean clade or a sister group to
the chelicerates. Therefore, their position is not resolved in the
phylogram.
constraints assumes some forms are absent, not
because they are non-adaptive, but because they are
inconsistent with existing developmental mechanisms.
In this case, it would mean that the segmentation
mechanism in centipedes obstructs development with
an even number of trunk segments [8]. Segmentation
via a phase of double segmental entities, as shown by
Chipman et al. [3], could provide such a developmental
constraint. The existence of a transitory state with two-
segment periodicity would only allow segment number
to change readily in multiples of twos (Figure 2). Adding
two segments to any odd number of trunk segments
would, of course, result again in an odd number, pre-
venting the evolution of an even number of trunk seg-
ments. The always-odd number of trunk segments in
centipedes would thus seem to be the result of a devel-
opmental constraint. 
The evolutionary origin of double segmental pair-rule
patterning is still unresolved. Pair-rule expression and
phenotypes have been described in other insects than
Drosophila [9,10], but the generality of pair-rule pat-
terning among arthropods is still controversial [11].
Davis and Patel [11] recently presented a detailed
discussion of the evolution of pair-rule patterning,  con-
cluding that it cannot be excluded that pair-rule pat-
terning is a ‘derived’ mode of segmentation in insects.
But the centipede Strigamia [3] and the insect
Drosophila both develop via a double segmental phase,
even though they are representatives of two unrelated
arthropod groups (Figure 1). Can the underlying 
developmental processes be dated back to a common
ancestor? Or have they have evolved independently?
Although the double segmental periodicity in the cen-
tipede is strikingly reminiscent of that in insects, it is
possible that the patterns in insects and centipedes are
generated by completely different mechanisms [3].
Functional data from non-insect arthropods will be
required to explore these questions further. But what is
the advantage of having a phase of double segmental
patterning? And how likely is it that double segmental
patterning evolved convergently?
One might speculate that a transitory phase of
double segmental periodicity is an adaptation that
enables segments to be produced in a relatively short
time. Segments are the basis of the arthropod body
and speeding up segment formation will speed up
embryogenesis. Unlike most arthropods, which
generate segments sequentially, in Drosophila seg-
ments are generated simultaneously. This so-called
‘long germ’ mode of segmentation is considered to be
an adaptation that allows a fast embryogenesis [12],
and is found in some groups of higher insects. Pair-rule
patterning thus may form an adaptation to speed up
embryogenesis in higher insects. 
The double segmental phase during segmentation of
geophilomorph centipedes may be a similar adaptation
to forming many segments during embryogenesis. In
contrast to some other myriapod groups, geophilo-
morph centipedes produce all their segments during
embryogenesis. Strigamia maritime, for instance, pro-
duces up to 53 segments [6]; other species produce as
many as 191 segments [5]. Again, one way to effi-
ciently produce so many segments would be to do so
via transient larger units that are subdivided and even-
tually give rise to the segments (Figure 2).
If the double segmental phase is an adaptation that
allows the rapid and efficient production of segments,
then it might have arisen by convergent evolution in the
fly and centipede lineages. From the available data,
however, it cannot be excluded that it reflects an ances-
tral mechanism present in the last common ancestor of
flies and centipedes. It thus remains open whether the
double segmental periodicity as seen in higher insects
and in geophilomorph centipedes dates back to the Ur-
arthropod or is the result of independent inventions.
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Figure 2. Segmentation in the geophilomorph centipedes
involves a phase of double segmental periodicity.
The drawing shows a schematic model for segmentation in
geophilomorphic centipedes. Segments are patterned in
posterior tissue that does not show overt segmentation.
Segments become molecularly defined in entities (coloured
blocks) that eventually give rise to two segments each. Before
morphological segments become visible, these two-segment
entities are molecularly subdivided into segmental units
(dashed lines), which each eventually will give rise to one
segment. For instance, at stage I C represents an entity that is
refined into two units (C at stage II), which give rise to one
segment each (C′ at stage III). This mechanism of segmentation
provides a developmental constraint that only allows the addi-
tion of segments in bits of two and in this way only allows odd
numbers of trunk segments in centipedes.
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